In infected Nicotiana clevelandii mesophyll cells, the rod-shaped particles of hypochoeris mosaic virus were scattered throughout the cytoplasm, loosely aggregated in spherical cytoplasmic masses, present in regular arrays or associated with crystalline inclusions. The particles were 21.2 to 22"4 nm in diam. with a central canal approx. 5 nm in diam. Particles found in one membranebound aggregate were all 615 nm long. The crystalline inclusions (lattice spacing 9.8 nm) were membrane-enclosed, often rectangular in section and up to 2"3 x I'5#m; the associated virus particles were found occasionally within the crystals, but more often between the enclosing membrane and the periphery of crystals.
INTRODUCTION
A newly recognized virus which we now call hypochoeris mosaic virus (HMV) is common in Hypochoeris radicata (Compositae) growing in and near Vancouver, British Columbia, Canada (Brunt & Stace-Smith, 1978 ) . The virus is apparently serologically distinct, but has fragile rod-shaped particles with predominant lengths in sap of 12o to I4O and 220 to 240 nm and with properties very similar to those of potato mop-top (PMTV; Harrison & Jones, I97O), wheat soil-borne mosaic (WSBMV; Brakke et aL I965), broad bean necrosis (BBNV; Inouye & Asatani, I968), beet necrotic yellow vein (BNYVV; Tamada & Baba, I973) , Nicotiana velutina mosaic (NVMV; Randles et aL I976), peanut clump (PCV; Thouvenel et al. 1976 ) and defective strains of tobacco mosaic (TMV; Kassanis & Woods, I969) viruses. PMTV (Kassanis et aL 1972 ) and WSBMV (Powell, 1976; Randles et al. 1976 ) are serologically distantly related to TMV, and both are now recognized as possible members of the tobamovirus group (Fenner, 1976 ) . However, apart from particle characteristics, there is little evidence to support the inclusion of HMV or any of the other four similar viruses in the tobamovirus group.
Allied plant viruses often induce similar cytopathological effects in their hosts and cytological investigations can indicate the possible affinities of newly recognized or im-* Present address: Glasshouse Crops Research Institute, Littlehampton, West Sussex, U.K. perfectly characterized viruses. The intracellular locations of BBNV (Inouye, i97i) , PMTV (White et al. 1972; Fraser, 1976) , WSBMV (Petersen, 197o; Hibino et al. i974a , b) and BNYVV (Tamada, i975) have been investigated previously. We describe here the in vivo occurrence and cytopathic effects of HMV and compare these with the effects of BBNV, PMTV, WSBMV and some strains of TMV.
METHODS
HMV was maintained in mechanically inoculated seedlings of Nicotiana clevelandii. For cytological studies, pieces (I to 2 mm 2) of systemically infected leaves with conspicuous chlorosis, and comparable healthy tissues, were fixed for I h at approx. I8 °C with 5 % glutaraldehyde in o.I M-phosphate buffer at pH 7.2, thoroughly rinsed in phosphate buffer and then fixed for I h in 1% osmium tetroxide. The tissues were then dehydrated and embedded in pure Epon 8r2 following standard procedures. Thin sections, estimated from first-order interference colours to be 6o to Ioo nm thick, were cut with diamond knives on a Reichert ultramicrotome. The sections were mounted on grids coated with both collodion and carbon, stained sequentially with aqueous uranyl acetate and lead citrate and then examined in either a Philips 20o or 3oo electron microscope operated at 60 kV. Micrographs were taken at magnifications of × 45oo to 25 500 and photographically enlarged threefold for close examination.
RESULTS
Sap from HMV-infected N. clevelandii leaves mounted in neutral 2~o potassium phosphotungstate contained a few apparently very fragile rod-shaped particles, fragments or aggregates (Fig. I) . The helical structure of the particles (pitch 2"58 nm) was clearly seen in some instances and was sometimes partially disrupted to show a single turn of the helix ( Fig. I a and b) . The width of such particles was 23. 7 to 25. 7 nm but, presumably due to lack of definition and/or less flattening of the particles, it was only 2 I.O to 22. 5 nm in others in which the helical substructure was not clearly resolved.
The virus particles were commonly detected in the cytoplasm of infected N. clevelandii mesophyll cells but they were not found within organelles or in vacuoles. The particles were observed in transverse (Fig. 2) , oblique and, less commonly, in longitudinal section. Particles were often present in loosely associated clusters in cytoplasm ( Fig. 2 c) ; those in transverse section were 21.2 to 22. 4 nm in diam. with a hollow central canal approx. 5 nm in diam. surrounded by a darkly stained ring 2.8 to 3"4 nm thick, and an outer lighter stained layer of approx. 5"0 nm ( Fig. 2b and d) .
In one section, 2I particles were apparently present in a membrane-enclosed aggregate (Fig. 3) ; I6 particles with both ends clearly visible were each approx. 615 nm long and 22-3 nm in diam. across the darkly stained particle. However, a less densely stained band approx. 4"5 nm wide was present between adjacent particles; thus the mean centre to centre distance was 26.8 nm, a value close to the maximum width (25. 7 nm) of the particles with well defined helical substructure seen in plant sap.
Particles were occasionally found scattered randomly throughout the cytoplasm, or apparently aggregated in crystals which were up to 280 x 175 nm in section (Fig. 4) ; the particles within crystals were tightly packed in parallel arrays, alternate layers of which seemed to be orientated at right angles.
Many infected N. clevelandii cells also contained conspicuous cytoplasmic crystalline inclusions which in section were often rectangular and up to 2. 3 × 1.5 ~m (Fig. 5, 6) ; smaller rectangular or triangular crystals (Fig. 5, 6 ) observed in some cells were possibly oblique sections or fragments of the larger crystals. Most inclusions (Fig. 5a and b) had a clearly discernible crystalline lattice (spacing approx. 9.8 nm) and each was usually enclosed by a membrane 6 to 8 nm thick; this membrane was sometimes continuous with normal cellular membranes (Fig. 5) , suggesting that the inclusions develop within cisternae of the endoplasmic reticulum. Virus particles were often found between the membrane and periphery of inclusions. Some particles were found embedded within the crystals (Fig. 2a and 5 ) and were then usually orientated at 45 ° to the crystalline lattice.
Irregular electron-dense, non-crystalline inclusions of unknown origin and composition also sometimes occurred freely within cytoplasm, or adjacent to the crystalline inclusions (Fig. 6 ) or virus crystals (Fig. 4) .
Healthy tissues contained no virus-like particles or crystals and showed no ultrastructural defects.
DISCUSSION
Although the morphology, size and properties of HMV strongly suggest affinities with PMTV, WSBMV and allied viruses, we could detect no serological relationship between HMV and these similar viruses (Brunt & Stace-Smith, I978). It shows some similarities in vivo to the four viruses (BBNV, BNYVV, PMTV and WSBMV) investigated previously and to some strains of TMV. HMV particles, like those of PMTV (White et al. I972) , sometimes occur in cytoplasmic masses of similar size and fine structure to amoeboid inclusions induced by TMV (Esau & Cronshaw, x967) . Moreover, the crystalline aggregates of HMV particles (Fig. 4) were similar to those induced by WSBMV in rye (Hibino et al. ~974a) and by an isolate of TMV from pepper (Herold & Munz, 1967) . Although particles of BBNV, BNYVV and PMTV have not been found in such crystals, the instability of TMV crystals (Herold & Munz, I967) suggests that those of other viruses, if formed, might not be easily detected if they too were fragile. The occurrence of apparently intact HMV A. A. BRUNT AND R. STACE-SMITH 212 Fig. 4 . Virus particles (VP) scattered in cytoplasm and aggregated in a crystal (VC) adjacent to a non-crystalline inclusion (NCI).
particles approx. 615 nm long within an ordered aggregate (Fig. 3) is also particularly interesting because particles of PMTV (White et al. I972; Fraser, I976 ) and the flavum strain of TMV (Kolemainen et al. I965) are also approx. 60o nm long in vivo but, like those of HMV, occur as much shorter rods when examined in negative stain; moreover, a virus from the green alga Chara corallina is serologically related to TMV but has rod-shaped particles mostly about 532 nm long (Gibbs et al. I975) . The long particles of HMV may be end-to-end aggregates of two or more shorter rods but, equally, they may be intact monomers which, after cell disruption, fragment predominantly at intervals of approx. I20 rim, ultimately to produce fragments mostly about I2O and 240 nm long. However, HMV differed from BBNV, PMTV, WSBMV and TMV (Esau, I968; Petersen, i97o; Inouye, ~97I ; Hibino et al. I974a; Fraser, ~976) in inducing conspicuous crystalline inclusions apparently within enlarged cisternae of the endoplasmic reticulum (Fig. 5, 6 ) and in failing to induce intracellular inclusions containing much convoluted tubular material (Hibino & Saito, t976) . Some crystals resembling those of HMV in their lattice spacing and having particles at their periphery occur in wheat and rye cells infected with WSBMV (Hibino et al. I974a ) but no virus-associated crystals of any type were detected in plants infected with PMTV (White et al. I97Z; Fraser, I976) , BNYVV (Tamada, I975) or BBNV (Inouye, I97I) . These crystalline inclusions were found only in HMV-infected cells and differed considerably in location, size and appearance from crystals often present within organelles of healthy plants of other species (e.g. Newcombe, 1967; Frederick & Newcombe, I969; Weintraub et al. I97 Q. The consistent association between virus particles and inclusions suggested that the latter are virus-induced. Although the composition of the inclusions was not determined, their crystalline structure suggests that they may be accumulations of protein, possibly excess coat protein resulting from unsynchronized synthesis of virus protein and RNA. The similarities between HMV and recognized tobamoviruses thus indicate that it too might be considered a possible member of the group. Similar cytological investigations might further indicate whether PCV and NVMV have affinities with tobamoviruses.
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